S
ubacromial impingement syndrome (SAIS) is the entrapment of the supraspinatus muscle tendon between the anteroinferior corner of the acromion and the greater tuberosity of the humerus. 1 This entrapment is responsible for degenerative lesions of the tendon. Several pathoetiological mechanisms have been proposed; these include continuous lesions caused during the movement of the arm by subacromial contact, the subcoracoid space, the coracoacromial ligament, and the coracoacromial articulation; alteration of acromial morphology 2 ; alteration of arterial vascularization of the humeral head 3-5 ; overuse syndrome; and alteration of the tensile properties of the supraspinatus tendon. 6 Subacromial impingement syndrome is characterized by severe pain in the anterior-posterior and lateral shoulder, extending to the deltoid and biceps areas. The painful symptoms increase at night and during abduction, forced internal rotation, and resisted motions. Neer 7,8 described 3 stages of impingement. Stage I impingement is characterized by edema and hemorrhage of the subacromial bursa and rotator cuff and typically is found in patients who are less than 25 years old. Stage II impingement represents irreversible changes, such as fibrosis and tendinopathy of the rotator cuff, and typically is found in patients who are 25 to 40 years old. Stage III impingement is marked by more-chronic changes, such as partial or complete tears of the rotator cuff, and usually is seen in patients who are more than 40 years old.
Management of this pathology includes numerous interventions, depending on pain severity and anatomopathological classification. Analgesic and nonsteroidal antiinflammatory drugs, 9 steroid injections, 10 and physical therapy (ultrasound [US] therapy, laser therapy, manual therapy, extracorporeal shock wave therapy, interferential current therapy, and acupuncture) [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] have been reported, often with mixed results. Systematic reviews of clinical trials have demonstrated little benefit from nonsteroidal anti-inflammatory drugs and steroid injections; some studies have suggested various physical agents to be effective in minimizing the symptoms by reducing inflammation. 23 Although pain can reduce their efficacy, rehabilitative exercise approaches for the treatment of SAIS include active and passive range of motion (ROM) exercises, stretching, Codman exercises, and isometric and isotonic exercises. 19, 23, 24 The effectiveness of conservative treatment is mixed, and surgical treatment may be indicated in cases resistant to conservative treatment. 25 Several systematic reviews have suggested that physical therapy has not provided unequivocal results because of the notable variability of anatomopathological lesions. [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] In particular, limited evidence has suggested that exercise, joint mobilization, and laser therapy are effective in decreasing pain and improving function in patients with SAIS. 20, 22 Some systematic reviews have reported the limited effectiveness of US therapy for this condition. 20, 21 However, other studies have shown US therapy to be effective in improving the symptoms. 26, 27 According to the recommendations of the Philadelphia Panel, an expert panel on selected rehabilitation interventions for shoulder pain, US therapy is an acceptable physical therapy intervention for SAIS. 16 Laser therapy is based on the belief that laser radiation (and possibly monochromatic light in general) is able to alter cellular and tissue functions in a manner that is dependent on the characteristics of the light itself (eg, wavelength, coherence). 28 By definition, low-intensity laser therapy (LILT) (often also known as "low-energy" or "low-power" laser therapy) takes place at low radiation intensities. Therefore, it is assumed that any biologic effects are secondary to the direct effects of photonic radiation and are not the result of thermal processes. 29 More recently, high-intensity laser therapy (HILT), which involves higher-intensity laser radiation and which causes minor and slow light absorption by chromophores, has been used. This absorption is obtained not with concentrated light but with diffuse light in all directions (scattering phenomenon), increasing the mitochondrial oxidative reaction and adenosine triphosphate, RNA, or DNA production (photochemistry effects) and resulting in the phenomenon of tissue stimulation (photobiology effects). 30 Some systematic reviews and randomized clinical trials have suggested that LILT could be an effective physical therapy intervention for decreasing pain and functional loss or disability for patients with SAIS 20,31,32 or could have analgesic and tissue repair actions. 33 Nonetheless, the effectiveness of laser therapy is still in question because LILT has not provided convincing results in patients with shoulder tendinopathies. 34, 35 No participant reported taking analgesic or anti-inflammatory drugs during the study. All 70 participants completed the trial and were included in the analysis.
Outcome Measures
All of the participants in the present study were evaluated with a visual analog scale (VAS), 39 the ConstantMurley Scale (CMS), 40 and the Simple Shoulder Test (SST). 41 The VAS is used to measure pain on a 10-cm horizontal axis between a left endpoint of "no shoulder pain" and a right endpoint of "worst pain ever."
The distance is measured, and pain is recorded on a 10-point scale. 39 In the acute pain setting, the VAS has been shown to have very good test-retest reliability (intraclass correlation coefficient [ICC]ϭ.99) 42 ; this scale generally is accepted as a valid measure of acute pain, with good construct validity. 43, 44 At a recent consensus meeting of the Initiative on Methods, Measurement, and Pain Assessment in Clinical Trials (IMMPACT), the results of several studies on this issue were considered. It was suggested that raw score changes of approximately one point or percentage changes of approximately 15% to 20% represent the minimal clinically important difference (MCID) for the VAS and other, similar numerical rating scales (0 -10) for pain intensity. 45 The CMS is a 100-point scoring system in which 35 points are derived from a patient's report of pain and function. 40 The remaining 65 points are allocated to a quantitative assessment of ROM and strength (forcegenerating capacity). The self-report assessment includes a single item for pain (15 points) and 4 items for activities of daily living (work, 4 points; recreation, 4 points; sleep, 2 points; and ability to work at various levels, 10 points). The quantitative assess-ment includes ROM (forward elevation, 10 points; lateral elevation, 10 points; external rotation, 10 points; and internal rotation, 10 points) and power (scoring is based on the number of pounds of pull a patient can resist in abduction to a maximum of 25 points). 40 This tool has good psychometric properties; the CMS score reflects shoulder function with accuracy, test-retest reliability (ICCϭ.80), 46 and reproducibility. 47 Unfortunately, to date, there are no studies providing data on the MCID for the CMS, despite the fact that for this tool, error estimates (95% confidence interval [CI] of the standard error of measurement [SEM]ϭ Ϯ17.7) 46 and responsiveness (standardized response meanϭ0.59), 48 that is, the ability of a measure to detect change over time, have been reported.
The SST is a series of 12 questions with dichotomous "yes" or "no" response options. One group of ques-
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tions pertains to pain, and a second group of questions relates to function. Strength and ROM are not directly evaluated. A theoretical "normal" shoulder would result in a "yes" answer to all 12 questions. The goal of the SST is to compare pain and function before and after treatments. 41 Content, criterion, and construct validity have been measured for the SST. 49 Test-retest reliability (ICCϭ.99), 50 internal consistency (Cronbach alphaϭ.85), 51 error estimates (95% CI of the SEMϭϮ22.8, calculated from a converted score range of 0 -100), 51 and responsiveness (standardized response meanϭ0.82 and effect sizeϭ.83) have been reported for the SST. Unfortunately, at present, there are no data on the MCID for the SST.
Randomization
After the baseline examination, participants were randomly assigned to receive HILT or US therapy. Concealed allocation was performed with random numbers generated from the Web site http://www. random.org/ before the beginning of the study. The procedure Random Integer Generator allowed us to generate random integers. A priori it generated 100 random integers and, before the beginning of the study, the randomization number was already present. Individual, sequentially numbered index cards with the random assignments were prepared. The index cards were folded and placed in sealed opaque envelopes.
A physician who was unaware of the baseline examination findings opened the envelopes to attribute the interventions according to the group assignments.
Interventions
The protocol involved the application of 2 different forms of physical therapy modalities for a total of 10 treatment sessions over a period of 2 consecutive weeks (5 days per week). A physiatrist (A.S.) with 6 years of experience provided HILT, and a physical therapist with 7 years of experience provided US therapy.
Participants in the HILT group received HILT with a neodymiumyttrium aluminum garnet laser that has a pulsating waveform produced by an HIRO 1.0 device (ASA srl*).
The treatment consisted of a high peak power (1 kW), a wavelength of 1,064 nm, a maximum energy for a single impulse of 150 mJ, an average power of 6 W, a fluency of 760 mJ‫گ‬cm 2 , and a duration for the single impulse of less than 150 milliseconds. A pulsating waveform (5,000 W/cm 2 ) can transfer 1,000 times more light intensity to the soft tissues than a continuous waveform (5 W/cm 2 ) with the same average power (1 W) and bright spot (0.2 cm 2 ). These ultrashort impulses established a deep action in biological tissue (3-4 cm), with a homogeneous distribution of the light source in the irradiated soft tissue but without excessive thermal enhancements. A standard handpiece endowed with fixed spacers was used to ensure the same distance to the skin and verticality of 90 degrees to the zone to be treated with a brightspot diameter of 5 mm. Three phases of treatment were performed for every session.
An initial phase involved fast manual scanning (100 cm 2 /30 s) of the zones of muscular contracture, particularly for the upper trapezius and deltoid muscles and anteriorly for the pectoralis minor muscle. Scanning was performed in both transverse and longitudinal directions with the arm positioned in internal rotation and extension to expose the rotator cuff.
In this phase, a total energy dose of 1,000 J was administered.
An intermediate phase involved applying the handpiece with fixed spacers vertically to 90 degrees on the trigger points until a pain reduction of 70% to 80% was achieved. In this phase, the mean energy dose was 50 J. A final phase involved slow manual scanning (100 cm 2 /60 s) of the same areas treated in the initial phase until a total energy dose of 1,000 J was achieved.
Three steps were predicted in the starting/initial and final phases of the treatment; the fluencies used were 510, 610, and 710 mJ/cm 2 , respectively. Therefore, the total dose of energy administered was approximately 2,050 J. The time to apply all 3 stages of HILT was approximately 10 minutes.
Participants in the US therapy group received continuous US for 10 minutes with a SONOPLUS 492, † a device that was operated at a frequency of 1 MHz, an intensity of 2 W/cm 2 , and a duty cycle of 100%. The transducer head had an area of 5.8 cm 2 and an effective radiating area of 4.6 cm 2 . The treating physical therapist, using the technique of slow circular movements, applied the transducer head over the superior and anterior periarticular regions of the participant's glenohumeral joint and on the shoulder trigger points, covering an area of approximately 20 cm 2 (4 times the effective radiating area). Participants were assessed by a physical medicine physician at the baseline (before the first treatment session) and at the end of physical therapy (after the last treatment session). Moreover, the pretreatment and posttreatment clinical evaluations (VAS, CMS, and SST) were done by the same tester. It is important to remember that the physicians who performed the clinical evaluations of the participants were unaware of the group assignments. All participants in the 2 treatment groups received 10 treatment sessions in the 2-week period.
Sample Size Determination
The sample size and power calculations were performed with nQuery Advisor statistical software (version 6.0).
‡ Sample sizes of 35 for the HILT group and 35 for the US therapy group achieved a power of 80% to detect a difference of 50% in the VAS (scoreϭ1.0 point) in a design with 2 repeated measurements when the standard deviation was 1.5, the correlation between observations for the same participant was .7, and the alpha level was .05.
Data Analysis
All analyses were performed with SAS statistical software (version 9.1).
§ Frequency distributions as well as means and standard deviations were used for descriptive purposes. At the baseline, differences in age and time since the onset of pain between treatment groups were analyzed with an independent 2-sample t test and a Mann-Whitney U test, respectively. Differences in sex and SAIS Neer stage frequency distributions were evaluated with a Pearson chi-square test. Differences between treatment groups in change scores at the baseline and after 10 treatment sessions over a period of 2 consecutive weeks were analyzed with an independent 2-sample t test. Repeated measurements obtained before and after treatments within groups were analyzed with a pairedmatched t test. A 2-way repeatedmeasures analysis of variance (ANOVA) was performed to estimate differences between (group effect) and within (time and time ϫ group effects) treatment groups for each studied outcome. The statistical inferences were adjusted according to Bonferroni inequality (P values corresponding to .05/6ϭ.008 and .01/ 6ϭ.002). The alpha level for significance was set at .05.
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Results
§ SAS Institute Inc, PO Box 8000, Cary, NC 27511. High-Intensity Laser Therapy Versus Ultrasound Therapy for Subacromial Impingement Syndrome statistically significant differences for VAS, CMS, and SST scores (Tab. 3).
Discussion
In the present study, we compared the results obtained after 10 treatment sessions over a period of 2 consecutive weeks with 2 different physical therapy modalities in subjects diagnosed with Neer stage I or II SAIS. The subjects treated with HILT showed a greater reduction in pain and more improvement in articular movement, functionality, and muscle strength of the affected shoulder than the subjects treated with US therapy (as measured with the VAS, CMS, and SST). Significant differences in changes after 10 treatment sessions over a period of 2 consecutive weeks from the baseline by treatment group were observed. In particular, the difference in the change in the VAS scores between the groups (1.65 points) surpassed the accepted MCID for this tool. 47 Contrasting findings have been reported for US therapy and laser therapy in the treatment of SAIS and other shoulder disorders. weeks and then 3 times per week for 3 weeks) reduced the painful symptoms in patients with calcific tendinitis of the supraspinatus tendon; in addition, the calcium deposits resolved in 19% of patients in the US therapy group and decreased by at least 50% in 28% of the patients. The variability of shoulder disorders and variations in the treatment intensity, duration, frequency, and location of US applications in previous studies could explain, in part, these contrasting findings. 20, 26, 27, 52, 53 Some authors 20,31,32,34 have suggested that LILT used without other physical therapy modalities could be helpful in the management of SAIS. For a small group of patients with tendinitis of the supraspinatus tendon, the data revealed that the patients treated with LILT had less pain, less secondary weakness, and less tenderness after the treatment than before. 32 However, in another study of patients with shoulder tendonitis, LILT had only a short-term benefit for pain, self-reported function, active ROM, stiffness, and restriction after 2 weeks of treatment when compared with a placebo laser. 34 Furthermore, conflicting results were demonstrated by Vecchio and colleagues 35 in a comparison of patients who had SAIS and were treated with LILT and ROM exercises and patients who were treated with a placebo laser and ROM exercises; at 4-and 8-week follow-up sessions, there was no difference between groups with regard to pain, ROM, function, or strength. A recent metaanalysis suggested analgesic and tissue repair actions of LILT, 33 whereas another study reported that 10 applications of LILT for 2 weeks did not induce significant pain relief and improvements in articular function relative to the findings for a group control given a placebo. 54 Therefore, although the current evidence is conflicting, it appears that LILT was more beneficial than a placebo when applied as a single intervention for participants with SAIS.
Our findings with HILT may lead to promising new therapeutic options.
In the present study, the results obtained after 10 treatment sessions with the experimental protocol suggested greater effectiveness of HILT than of US therapy in the treatment of SAIS. The participants treated with HILT showed a greater reduction in pain and more improvement in articular movement, functionality, and muscle strength of the affected shoulder than the participants treated with US therapy. No studies have yet been conducted to compare the effectiveness of these different physical therapies, but no therapeutic differences among US therapy, LILT, and combined treatments were noted for tendon healing in rats. 55 High-intensity laser therapy quickly reduces inflammation and painful symptoms. 56 It utilizes a particular waveform with regular peaks of elevated values of amplitude and distances (in time) between them to decrease thermal accumulation phenomena, and it is able to rapidly induce in the deep tissue photochemical and photothermic effects that increase blood flow, vascular permeability, and cell metabolism. 57 The HILT had an analgesic effect on nerve endings, but there was no evidence of a diminution of inflammation. 58, 59 Limitations of the present study include the lack of a control group receiving no treatment; this limitation constrains our ability to claim cause and effect. Participants in both groups may have improved simply because of the passage of time and High-Intensity Laser Therapy Versus Ultrasound Therapy for Subacromial Impingement Syndrome the avoidance of strenuous activity for the treatment period. We have compared a new treatment option (HILT) with an accepted physical therapy modality, US therapy. As discussed above, some studies have shown US therapy to be effective in improving symptoms 26, 27 and have proposed this treatment as an acceptable physical therapy modality for SAIS. 16 Additionally, the fact that the participants in one group were treated by a physical therapist and the participants in another group were treated by a physiatrist is a limitation of the present study because the participants were randomly assigned to physiatrist-HILT or physical therapist-US therapy groups. Another limitation is the lack of follow-up data, which reduces the clinical application of our findings on the short-term effects of HILT and US therapy in SAIS. Furthermore, our protocol of 10 treatment sessions over a period of 2 weeks could be challenging to apply in clinical practice. Finally, notwithstanding the good psychometric properties of the 3 measurement tools used in the present study, we only have MCID data on the VAS, limiting our ability to attribute a clinical significance to the differences between groups observed with the CMS and the SST. However, the difference in the change in the VAS scores between the groups (1.65 points) surpassed the MCID for this tool. 45 On the other hand, the 95% CI of the SEM for the CMS was Ϯ17.7 points, 46 and the between-group difference did not surpass the SEM (3.8 points). Moreover, although the reliability of the SST has been reported to be good, 60 a recent psychometric evaluation of the CMS suggested that its use is acceptable when pretreatment and posttreatment scores are determined by the same tester, 54 as in the present study.
Conclusion
Although further studies are needed to confirm the effectiveness of physical therapy interventions for SAIS, HILT was shown to have greater benefit for SAIS than US therapy in reducing pain and improving the articular movement, functionality, and muscle strength of the affected shoulder. Incorrect baseline and postintervention visual analog scale (VAS) scores for the ultrasound therapy group and incorrect mean difference in change scores (95% confi dence interval) for Constant-Murley Scale (CMS) score after intervention were reported in Table 2 . The correct values (in blue and bold type) are shown in the corrected Table 2 below. In addition, the difference in change of VAS score between groups was incorrectly reported as 1.65 points in the text. The correct value was 1.69 points. 
